Objectives-The study aimed to evaluate the risk of pleural plaques according to the degree of past exposure to asbestos, type of amphibole asbestos, and smoking, as well as to estimate the aetiologic fraction of asbestos as a cause of plaques among urban men. Methods-The occurrence and extent of pleural plaques were recorded at necropsies of 288 urban men aged 33 to 69 years. The pulmonary concentration of asbestos and other mineral fibres was analysed with scanning electron microscopy. The probability of past exposure was estimated from the last occupation. Results-Pleural plaques were detected in 58% of the cases and their frequency increased with age, probability of past occupational exposure to asbestos, pulmonary concentration of asbestos fibres, and smoking. The risk of both moderate and widespread plaques was raised among asbestos exposed cases, and the risk estimates were higher for widespread plaques than for moderate plaques. The age adjusted risk was higher for high concentrations of crocidolitelamosite fibres than for anthophyllite fibres. The aetiologic fraction of pulmonary concentration of asbestos fibres exceeding 01 million fibreslg was 43% for widespread plaques and 24% for all plaques. The median pulmonary concentrations of asbestos fibres were about threefold greater among cases with widespread plaques than among those without plaques. No increased risk of pleural plaques was associated with raised total concentrations of non-asbestos fibres.
the degree of past exposure to asbestos, type of amphibole asbestos, and smoking, as well as to estimate the aetiologic fraction of asbestos as a cause of plaques among urban men. Methods-The occurrence and extent of pleural plaques were recorded at necropsies of 288 urban men aged 33 to 69 years. The pulmonary concentration of asbestos and other mineral fibres was analysed with scanning electron microscopy. The probability of past exposure was estimated from the last occupation. Results-Pleural plaques were detected in 58% of the cases and their frequency increased with age, probability of past occupational exposure to asbestos, pulmonary concentration of asbestos fibres, and smoking. The risk of both moderate and widespread plaques was raised among asbestos exposed cases, and the risk estimates were higher for widespread plaques than for moderate plaques. The age adjusted risk was higher for high con Table 1 gives the distribution of causes of death among the study population. About 60% of the deaths were due to a disease, and 80% of these were cardiovascular diseases. There were no deaths due to mesothelioma or asbestosis. Three cases of lung cancer occurred. These were not suspected to be asbestos related; nor was asbestosis evidenced at their necropsy.
DETERMINATION OF PLEURAL PLAQUES
The site and size of pleural plaques was determined in 288 cases of the series. All shining white thickenings of the parietal pleura with well defined borders were defined as plaques. The detection of plaques was based on their macroscopical appearance only; no histological verification was used. The dimensions of plaques in the right and left hemithorax and the diaphragm were recorded. The maximum total area of plaques was about 600 cm2. The cases were classified into three groups according to the total surface area of the plaques: (1) no plaques: cases where no plaques could be detected at necropsy; (2) moderate plaques: cases with bilateral plaques with a total area less than 100 cm2 and all cases with With this procedure an analytical sensitivity (one fibre per sample) of about 0 07 million fibres per g (f/g) dry tissue was reached. If only 1 to 3 fibres per sample were detected, a numerical concentration was still calculated and used in the analyses.
An energy dispersive x ray microanalyser (Tracor TN 5500) was used to determine the fibre type. The intensity ratios of Si, Mg, Fe, Ca, and Na were used in identification by comparing peak ratios to standard spectra. Amosite and crocidolite have almost similar x ray spectra and are distinguished poorly. They are therefore not presented separately. Chrysotile fibres are poorly detected with scanning electron microscopy and consequently a low concentration of chrysotile fibres was detected in one sample only. Low concentrations of tremolite fibres were detected in six samples. Chrysotile and tremolite fibres are included in the number of total asbestos fibres, but are not reported separately.
STATISTICAL ANALYSES
The statistical analyses were performed with the multinomial logistic regression model. The confidence intervals (95% CIs) of the variables are based on their standard errors. The common odds ratios (ORs) for risk variables were also calculated with a cumulative odds model of the ordinal logistic regression. The conclusions drawn from the results of these two models were similar. For the sake of clarity, only the results of the multinomial logistic regression are presented. The aetiologic fractions were calculated with the fitted frequencies from the multinomial logistic regression.
Results
Pleural plaques were detected in 58% of the cases. The frequency of plaques increased with age, probability of occupational exposure to asbestos, and the concentration of asbestos fibres in lung tissue, but not with the total concentration of inorganic fibres other than asbestos (figure and table 2 7-4*** 7-7*** -p < 0-1; * p < 0-05; **p < 0-01; ***p< 0-001. tAdjusted for pulmonary concentration of crocidolite/amosite fibres. tAdjusted for pulmonary concentration of anthophyllite fibres.
of cases with > 1 million asbestos f/g in lung tissue had plaques. Plaques were also detected, however, in 43% of the cases with unlikely exposure to asbestos according to their occupation, and in 38% of those with < 0 1 million asbestos f/g in lung tissue.
The risk estimates of both moderate and widespread plaques were raised among asbestos exposed cases ( 
Discussion
The association between pleural plaques and previous occupational exposure to asbestos was confirmed in this study. The risk estimates were higher for pulmonary concentrations of > 1 million f/g than for concentrations of 0-1 to 1 million f/g, indicating a dose response relation. In both of these categories the risk of widespread plaques was higher than the risk of moderate plaques. As we could adjust for age only, and not directly for the effect of latency, it is difficult to intrepret the dependence of the size of plaques on the degree of exposure. A similar relation was found in a previous Italian study. 7 Despite the strong association between Chrysotile is cleared more rapidly from the lungs than the amphiboles, and even if transmission electron microscopy is used, the chrysotile content of lung tissue is not an equally representative measure of past cumulative chrysotile exposures as is the amphibole content for amphibole exposures.8 As about 40% of all asbestos used in Finland during 1918-88 consisted of amphiboles9 and a mixed exposure to chrysotile and amphiboles took place in most of the industrial applications, the amphibole content in the lung tissue is a reasonably representative indicator of past exposure to asbestos. Yet some underestimation of the aetiologic fraction of asbestos may have been caused by the poor detection of chrysotile. It must also be underlined that differences in sampling, tissue digestion, and methods of microscopy make between laboratory comparison of pulmonary fibre concentration results difficult. Pleural plaques have been described among workers exposed not only to asbestos, but also to erionite, attapulgite, wollastonite, and talc.'3 14 We did not find any increased risk of plaques associated with increased pulmonary concentrations of non-asbestos fibres. The other inorgance fibres detected were mainly miscellaneous silicates conforming to the criteria of a fibre; also mullite and rutile were often detected. We do not know whether the concentrations of these fibres represent recent or cumulative old exposures. Due to the small number of samples with an increased concentration of a specific non-asbestos fibre we could not analyse these fibres separately and thus discount the possibility that some of them may cause plaques. The relation between plaques and the non-fibrous inorganic particles was not studied.
Our results support previous findings of an increased risk of plaques among smokers. '5-'8 This finding may, however, have been confounded by different latency times between smokers, ex-smokers, and non-smokers. In a study including adjustment for latency time of asbestos exposure, no risk of plaques was associated with smoking.'9 In the present material there was no correlation between the pulmonary fibre concentration and smoking.'2
The risk estimates of smoking were also adjusted for pulmonary asbestos concentration (table 2) suggesting that the possible effect of smoking on plaques is not mediated through an alteration of fibre retention. As the occurrence of plaques correlates closely with past exposure to asbestos, it is obvious that within a given population, those with plaques should be more exposed on average than those without plaques. This would imply that they are at a higher risk of lung cancer and mesothelioma. The 2-5-fold to 4-fold differences in the median of pulmonary fibre concentrations between those with widespread plaques and those without plaques are small compared with the entire spectrum of pulmonary fibre concentrations, ranging from < 0 1 
